Fragmented and insufficient sleep has been implicated in disrupted autonomic nervous system activity during resting state conditions in typically developing children. Towards explication of these relations over development, the current study tested reciprocal relations between the development of sleep parameters (efficiency, duration, latency) and cardiac sympathetic nervous system (SNS) activity indexed by preejection period (PEP) during waking-resting state conditions throughout middle and late childhood. Whether sleep derives changes in PEP or vice versa was examined. A longitudinal design was employed and latent growth modelling was used to examine the research questions. During the first assessment, 282 children aged 9.44 years (65% European American, 35% African American) participated. Two more assessments followed, with a 1-year lag between consecutive study waves. Sleep was examined with 7 nights of actigraphy in the child's home. Controlling for many potential confounds (sex, race/ethnicity, body mass index and family socioeconomic status), higher sleep efficiency and more sleep minutes predicted increases in PEP (less SNS activity) over 3 years. PEP did not predict changes in sleep efficiency or duration over time and there were no significant effects for sleep latency. Findings highlight the probable direction of effects between these two key bioregulatory systems. High levels of cardiac SNS activity are associated with many negative health outcomes, and thus these findings may have important implications.
IN TROD UCTI ON
Fragmented, insufficient sleep and higher sympathetic nervous system (SNS) activity are associated with poor psychological and physical health in children (Chen et al., 2008; El-Sheikh et al., 2013b; Jarrin et al., 2015; Kalvin et al., 2016) . These bioregulatory systems are also inter-related. High levels of SNS activity may disrupt sleep over time and, conversely, poor sleep may represent a stressor that contributes to dysregulation of the SNS. However, there is a dearth of research on reciprocal alterations in the preejection period (PEP), a well-recognized measure of cardiac SNS activity defined as the amount of time between the onset of the heartbeat (R-wave) and ejection of blood into the aorta and sleep parameters over development. Addressing this literature gap, we utilized a longitudinal design to examine sleep and PEP across three time-points during middle to late childhood. Explicating bidirectional and reciprocal effects, we assessed whether sleep efficiency, duration and latency are associated with longitudinal changes in PEP. Similarly, we examined whether PEP activity is associated with changes in sleep over development.
Exposure to stress, including chronic sleep deprivation and poor quality sleep (e.g. fragmented, less efficient), can yield to allostatic load or 'wear and tear' on biological and physiological systems (e.g. PEP), and contributes to their dysregulation and increased stress sensitivity over time (Clark et al., 2014; El-Sheikh et al., 2013b; McEwen and Karatsoreos, 2015; Meerlo et al., 2008) . Higher SNS activity may represent a marker for higher stress sensitivity, in that the threshold for responding to stress is reduced, increasing the likelihood of hyperarousal (Beauchaine, 2001) . Furthermore, higher levels of physiological arousal associated with stress may also interfere with falling and staying sleep (Dahl, 1996; El-Sheikh et al., 2013b) . Although emerging research supports these inter-relations in typically developing children, most of the relevant work is cross-sectional or very timelimited, and has not examined reciprocal effects. A recent review called for developmental studies that examine the linkages between measures of sleep duration and quality and more indices of cardiovascular risk in childhood (Matthews and Pantesco, 2016) . To our knowledge, no findings have been reported on developmental trajectories of PEP during waking-resting state conditions in conjunction with sleep in childhood.
The SNS is responsible for increasing metabolic output to facilitate the body's response to environmental demands, and its functions are generally antagonistic to those of the parasympathetic nervous system (PNS), which promotes growth and restoration (Porges, 2007) . Sleep duration and efficiency may be related to the balance of sympathetic and parasympathetic control of the heart. In a study of schoolaged children across two waves, Michels et al. (2013) found that shorter and less efficient sleep predicted a greater ratio of SNS to PNS dominance at rest 1 year later, as assessed by heart rate variability. Although important, this measure does not completely isolate SNS control from parasympathetic influences (Reyes Del Paso et al., 2013) , highlighting the need for work with measures that may capture the activity of cardiac SNS more clearly, such as PEP. Additionally, in Michels et al., sympathovagal balance was not examined as a predictor of sleep. Control of the heart has been shown to be mediated largely by the PNS across the transition to and during sleep among adults (Burgess et al., 1997) , although awakenings are associated with increased SNS activity (Sforza et al., 2004) . When individuals experience sleep disruption without sufficient opportunity to recover, elevated SNS activity is maintained during wakefulness (Lusardi et al., 1996) . Thus, chronically insufficient sleep is associated with alterations in stress response systems that increase risk for poor health outcomes (Licht et al., 2010; Meerlo et al., 2008) .
Pre-ejection period is higher during sleep (Burgess et al., 1997) , indicating lower cardiac SNS activity, particularly for individuals who sleep well compared to those experiencing insomnia (De Zambotti et al., 2014) . Work examining PEP and sleep in children has found greater PEP reactivity to a social stressor, signifying higher SNS activity, to be associated concurrently with lower sleep efficiency, greater sleep activity and longer wake episodes (Bagley and El-Sheikh, 2014) , although another study did not find significant associations between child PEP reactivity and sleep (Martikainen et al., 2011) . Altogether, the existing literature highlights the potential for reciprocal influences between sleep and PEP.
There is a need for longitudinal work incorporating resting PEP in this population, particularly given the consistent relations found between cardiovascular SNS activity and poor quality and insufficient sleep in adults. Identifying factors that contribute to elevated cardiac SNS activity in children is critical, because it has been shown to be predictive of cardiovascular disease later in adulthood (Morrison et al., 2007) . Towards identifying influences on longitudinal change in PEP and sleep, we examined trajectories of sleep efficiency, duration and latency simultaneously with trajectories of PEP across three time-points during middle to late childhood. Bidirectional effects in the development of PEP and sleep efficiency, duration and latency over time were assessed.
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METH ODS Participants
Children participated in three waves of data collection as part of the Auburn University Sleep (AUS) Study. There were 1-year intervals between waves [mean = 350.84 days, standard deviation (SD) = 28.10 between waves 1 and 2; mean = 336.48 days, SD = 34.52 between waves 2 and 3]. Data collection occurred between 2009-10 (T1), 2010-11 (T2) and 2011-12 (T3). Children were recruited from elementary schools within two public school districts comprised of rural and semirural communities in the southeastern United States. Letters regarding the study were distributed by the schools to be sent home with the children. Exclusion criteria at T1 included diagnosed mental or learning disability or a clinically significant sleep disorder (e.g. apnea), as reported by parents. For more information regarding recruitment details, please see El-Sheikh et al. (2013a) .
At T1, participants included 282 children (136 girls, 146 boys; 64.9% European American, 35.1% African American; mean age = 9.44 years, SD = 0.71). Of the 282 families who participated at T1, 80.5% (n = 227) participated at T2. Further, due to attrition, an additional 54 families were recruited for a total sample size of 281 (127 girls, 154 boys; 63.3% European American, 36.7% African American; mean age = 10.41 years, SD = 0.67). Of the families who participated at T2, 97.9% (n = 275) participated at T3 (128 girls, 147 boys; 62.2% European American, 37.8% African American; mean age = 11.35 years, SD = 0.68). Thus, T1-T3 correspond with ages 9, 10 and 11 years in children. No significant group differences emerged on primary study variables between participants who participated initially at T1 versus T2.
Representative of the community, the majority of participants were European American (62-65% across waves), with a high percentage of African Americans (35-38%). According to their income-to-needs ratio (US Department of Commerce, 2013), families were from a wide range of socioeconomic backgrounds. Across study waves, approximately 32-39% of families were living in poverty (ratio ≤ 1); 28-32% near the poverty line (ratio > 1 and ≤2); 24-27% lower middle-class (ratio > 2 and <3); and 9-10% middleclass (ratio ≥ 3).
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In initial analyses, we considered associations between trajectories of other autonomic nervous system measures (respiratory sinus arrhythmia, skin conductance level) and also the sleep parameters, but these analyses did not result in any significant effects. 
Procedures
The study was approved by the university's institutional review board. Parents gave written consent and children provided oral assent. PEP and sleep measures were collected using the same procedures during the three study waves. Sleep data were collected during the regular school year, excluding holidays, with actigraphs delivered to the participants' homes. Actigraphs were worn on children's nondominant wrist for 7 consecutive nights. A researcher called nightly to obtain children's bed-and rise-times, as well as information on medication use during the past 24 h. Across the three waves, 71-79% of children visited the laboratory on the day following the last night of actigraphy. On average, the laboratory visits took place between 1.74 and 4.03 days after the last night of actigraphy (SD = 5.85-12.51 days). At the visit, electrodes for collecting PEP were placed on the child, after which the experimenter left the room while the children were asked to sit quietly for 6 min. The first 3 min served as an acclimation period to the laboratory. The second 3 min represented resting PEP, and values derived from this timeperiod were used in the analyses.
Sleep
Actigraphy was used to estimate sleep onset and wake time. Sleep efficiency, minutes and latency were examined. Sleep efficiency was calculated as the percentage of epochs scored as sleep between actigraphy-determined sleep onset and wake time. Sleep minutes represented the number of minutes scored as sleep between sleep onset and wake time. Sleep latency was measured as the number of epochs between attempting to fall asleep (based on mother's report and corroborated by actigraphy) and sleep onset (Sadeh, 2011) . Octagonal Basic MotionLogger Inc. (Ardsley, NY, USA) actigraphs measured activity in 1-min epochs using zerocrossing mode. The analysis software package (ActionW User's Guide version 2.4, 2002) utilized the Sadeh algorithm (Sadeh et al., 1995) . Across T1, T2 and T3, many children had valid actigraphy data for 7 nights (62.4, 45.0 and 40.0%, respectively). Nights with medication use for an acute illness were excluded from analyses, and sleep data were included only for children with ≥5 nights of valid data (Meltzer et al., 2012) . This resulted in exclusion of sleep data for one child at T1, seven children at T2 and 21 children at T3. Other data from participants were not excluded, and missing data were handled with full information maximum likelihood estimation.
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In total, we had 93% of all children's sleep data at T1, 95% of children's sleep data at T2 and 87% of children's sleep data at T3. Averages across the week for all sleep variables were derived. Good night-to-night stability over the week was observed at T1, T2 and T3 for sleep efficiency (as = 0.90, 0.89, 0.85) and minutes (as = 0.85, 0.78, 0.79). There was greater variability in latency (as = 0.40, 0.51, 0.70), consistent with other studies (Knutson et al., 2007) .
Pre-ejection period
Pre-ejection period is defined as the period between the electrical invasion of the ventricular myocardium [Q wave of the electrocardiograph (ECG)] and the opening of the aortic valve and was derived from an electrocardiogram and impedance cardiogram. The unit of measurement is milliseconds (ms). Cardiac data collection and analyses followed standard guidelines and were obtained using the Mindware BioNex 8-slot chassis acquisition system (Mindware Technologies Ltd, Gahanna, OH, USA). Thoracic impedance (Z o ) data were collected using the four-spot impedance electrode configuration (Berntson and Cacioppo, 2004) . Voltage electrodes were placed at the apex and base of the thorax and dual electrodes were placed on the back 1.5 inches above and below the voltage electrodes. Data were sampled at 1000 Hz and amplified with a gain of 5000, and acquired data were filtered, rectified and smoothed using MindWare BioLab version 3.2 software (Mindware Technologies Ltd, Gahanna, OH, USA). Respiration used in the calculation of PEP was derived from Z o . PEP during the resting state period was averaged over the 3 min of assessment. A lower number denotes higher cardiac SNS activity.
Statistical analysis
As per best practices guidelines for latent growth model analyses (Curran et al., 2010; McArdle, 2009) , simultaneous unconditional latent growth analyses were conducted to examine the development of sleep efficiency, sleep minutes, sleep latency and PEP in children at ages 9, 10 and 11 years, in the absence of any predictors. This first model gives an unbiased picture of change over time in sleep and PEP within individuals as well as between individual differences in starting points and rates of change over time. Secondly, separate conditional latent growth models were conducted to predict individual differences in the intercepts (starting points) and slopes (change over time) of sleep efficiency, sleep minutes, sleep latency and PEP as a function of the covariates. The intercepts were centred at age 9 (T1). To minimize confounds and towards a stringent assessment of the research questions, sex, race/ethnicity, body mass index (BMI) and socioeconomic status (SES) were entered into the model as covariates. Predictor variables that were correlated with one another were allowed to covary in the models. All predictor variables were meancentred to facilitate interpretation and minimize multi-collinearity in interaction terms (Aiken and West, 1991) . Missing data were handled with full information maximum likelihood estimation, the default estimation procedure in most statistical packages because of its excellent performance relative to other missing data procedures (Enders and Bandalos, 2001; Raykov, 2005) .
To facilitate interpretation of statistical effects, conditional slopes for interactions were plotted at AE1 SD and their significance was tested (Aiken and West, 1991; Preacher et al., 2006) . Importantly, these conditional slopes are predicted trajectories for children at particular values of the covariates (Curran et al., 2004; Willett et al., 1998) . For example, a significant effect of sleep efficiency on the slope of PEP would be represented by plotting trajectories of PEP over time for children at values of interest (e.g. AE1 SD on sleep efficiency) and testing whether these slopes are significantly different from zero.
RESUL TS Preliminary analyses
Descriptive statistics and correlations among sleep efficiency and PEP across all study waves is provided in Table 1 . Descriptive statistics and correlations involving PEP and sleep minutes across all study waves are presented in Table 2 . Although we also considered sleep latency (mean = 9.31-11.23 min, SD = 5.22-11.37; cross-time r = 0.22-0.25) there were no significant effects, and therefore analyses conducted with this variable are not presented. As is common in the literature, sleep efficiency and sleep minutes were correlated highly at each time-point (r ranging from 0.76 to 0.81, P < 0.001). Sleep latency was correlated significantly negatively with the other two sleep parameters, but less strongly (r ranging from À0.21 to À0.39 across study waves, P < 0.01).
Correlations with control variables (not depicted in tables) revealed that higher BMI was associated with lower T3 sleep efficiency (r = À0.17, P < 0.05) and higher SES was correlated with higher T1 sleep efficiency (r = 0.13, P < 0.05). Additionally, t-tests were conducted to examine sex and race/ ethnicity differences across study variables. Bonferroni's correction was applied to adjust for multiple comparisons (P < 0.05/13 tests = P < 0.004). Compared to European Americans (EA), African Americans (AA) had lower SES (mean AA = 1.15, SD = 0.90; mean EA = 2.01, SD = 0.98; t = 6.84, P < 0.001). There were no other differences related to race/ethnicity or sex that reached Bonferroni-corrected levels of significance.
Unconditional growth of sleep efficiency and PEP
An unconditional growth model was fitted to explore simultaneously the developmental trajectories of children's sleep efficiency and PEP across 3 years (not depicted in a table for succinctness). Fit indices for the unconditional model were good [v 2 (26.75) /df (14) = 1.91, P = 0.02; root mean square error of approximation (RMSEA) = 0.05]. The intercept (age 9) of sleep efficiency was significantly different from zero, but sleep efficiency did not change significantly over time. The intercept of resting PEP was significantly different from zero and also showed a significant increase over time, indicating a general decrease in cardiac SNS activity over development.
Conditional growth of sleep efficiency
Fit indices for the conditional growth model of sleep efficiency were good (v 2 (7.74) /df (10) = 0.87, P = 0.65; RMSEA < 0.001). Parameter estimates are presented in Table 3 . Notably, only one of the covariates was a significant predictor of sleep efficiency. SES was related positively to the intercept of sleep efficiency, indicating that children from families with higher SES exhibited better sleep efficiency at age 9. SES accounted for 5.5% of the unique variance in initial sleep efficiency. PEP was not related to sleep efficiency at age 9 or its change over time.
Conditional growth of PEP
Fit indices for the conditional growth model of PEP were also good (v 2 (21.62) /df (10) = 2.16, P = 0.02; RMSEA = 0.06) and parameter estimates are presented in Table 4 . In this model the only significant effect on initial levels of resting PEP was for a covariate, sex, which indicated that boys had significantly lower resting PEP than girls. Sleep efficiency had a main effect on the slope (change over time) of resting PEP. T, time; PEP, pre-ejection period, recorded in milliseconds; SD, standard deviation. *P < 0.05; **P < 0.01; ***P < 0.001.
ª 2017 European Sleep Research Society Fig. 1 demonstrates that compared to children with lower sleep efficiency (À1 SD, which translates to 80.19% efficiency) at age 9, children with higher sleep efficiency (+1 SD, or 96.29%) showed greater increases in resting PEP and decreasing SNS-based cardiac influence over time. The effect of sleep efficiency accounted for 20% of the unique variance in the slope of resting PEP, which is substantial for slope effects.
Sleep minutes and PEP
Findings for sleep minutes were similar to those observed for sleep efficiency. SES was related positively to age 9 sleep minutes and BMI was related negatively to age 9 sleep minutes. As with sleep efficiency, PEP was unrelated to initial levels or change over time in sleep minutes, but sleep minutes was a robust predictor of change over time in resting PEP (r 2 = 0.19). Findings for the conditional latent growth models are presented in Tables 5 and 6 . Fig. 2 T, time; PEP, pre-ejection period, recorded in milliseconds; SD, standard deviation. *P < 0.05; **P < 0.01; ***P < 0.001. Bentler, 1990 ) = 1.00; root mean square error of approximation (RMSEA; Browne and Cudeck, 1993) = 0.00. *P < 0.05; ***P < 0.001. compared to children with fewer sleep minutes (À1 SD; 397.63 min, or 6.6 h) at age 9, children who slept more minutes (+1 SD; 515.87 min, or 8.6 h) showed greater increases in resting PEP over time.
indicates that
Group differences
Finally, to examine whether the results were consistent across race/ethnicity and sex, we conducted multi-group analyses that tested whether the models fitted equally well for EAs and AAs and for boys and girls. The results demonstrated that there were no significant differences between groups with regard to the fit of the final models, all P > 0.10.
DISCUSSION
In a sample of typically developing youth, we examined longitudinal trajectories of sleep efficiency, duration and latency simultaneously with trajectories of PEP across three time-points during middle to late childhood. At the group level, results provide evidence for a developmental increase in PEP over 3 years, corresponding with a decline in cardiac SNS activity over time. This is consistent with findings from another investigation with an independent sample of children ranging in age between 8 and 10 years (Hinnant et al., 2011) . Our results indicate that the PEP increase was especially pronounced for children who had higher sleep efficiency and more sleep minutes. There were no effects for sleep latency. Testing of reciprocal relations did not support PEP as a predictor of change in any of the sleep parameters over time. Thus, findings suggest that sleep has a more robust effect on the development of cardiac SNS activity in children.
These findings align with prior theoretical and empirical work suggesting that poor sleep is a stressor that can cause wear and tear on the body's physiological systems (Clark et al., 2014; El-Sheikh et al., 2013b; McEwen and Karatsoreos, 2015) . Although the specific mechanism through which sleep may influence cardiac SNS activity is not well-explicated, there is evidence mainly from animal models, adults and clinical samples that sleep deprivation enacts activation of stress responses, altering individuals' stress responsivity in a manner that predisposes them to stress-related illnesses (Meerlo et al., 2008) . Placed in the context of this literature, our findings indicate that middle childhood may represent an important developmental period for autonomic nervous system activity, such that All predictor variables were mean-centred. Estimates are unstandardized regression coefficients. SE is the standard error. Sex was coded 0 for girls and 1 for boys. Race/ethnicity was coded 0 for European American and 1 for African American. Sex, race/ ethnicity, body mass index and socioeconomic status were entered in the model as control variables. PEP, pre-ejection period, recorded in milliseconds. v 2 (11.75) /df (10) = 1.23, P = 0.23. Comparative fit index (CFI; Bentler, 1990) = 0.98; root mean square error of approximation (RMSEA; Browne and Cudeck, 1993) = 0.03. *P < 0.05; ***P < 0.001. All predictor variables were mean-centred. Estimates are unstandardized regression coefficients. SE is the standard error. Sex was coded 0 for girls and 1 for boys. Race/ethnicity was coded 0 for European Americans and 1 for African Americans. Sex, race/ ethnicity, body mass index and socioeconomic status were entered in the model as control variables. Pre-ejection period was recorded in milliseconds. ª 2017 European Sleep Research Society development in cardiac SNS functioning proceeds differently and possibly less adaptively for children who experience lower sleep efficiency and shorter sleep duration. Reductions in SNS activity with time may correspond with increased PNS control of the heart, perhaps reflecting better regulatory functioning.
Our results obtained over three waves of assessments in middle to late childhood also build upon and extend those of Michels et al. (2013) , who found better sleep efficiency and longer sleep duration to predict a greater balance of sympathetic compared to parasympathetic control (sympathovagal balance) of the heart 1 year later in a sample of children aged 5-11 using a cardiac measure derived from heart rate variability. Similarities in findings are notable, given that the sympathovagal balance does not purely isolate SNS from PNS influences (Reyes Del Paso et al., 2013) , whereas PEP indexes the SNS. Findings from the present study with PEP also build upon the existing body of work suggesting that cardiac SNS activity is affected by sleep in children, including Bagley and El-Sheikh's (2014) cross-sectional results (based on the third wave of the current study). Because heightened cardiac SNS activity is a risk factor for many poor physical health outcomes throughout the lifespan (Jarrin et al., 2015; Licht et al., 2010) , and child cardiac risk is predictive of adult cardiovascular disease (Morrison et al., 2007) , these findings buttress the importance of efficient and sufficient sleep in community samples of typically developing youth. An implication of these findings is that establishing healthy sleep patterns in childhood may translate to better cardiovascular health into adolescence and adulthood.
In preliminary analyses (see footnote 1 ), we examined developmental trajectories of respiratory sinus arrhythmia (RSA, an index of PNS activity) and skin conductance level (SCL, an electrodermal and not a cardiac index of SNS activity) in relation to sleep, and no effects emerged. This suggests that sleep may be associated uniquely with developmental trajectories of cardiac SNS activity, a proposition that should be interpreted cautiously pending replication. In previous studies stemming from our laboratory, RSA reactivity to a laboratory challenge (social-evaluative stress) and SCL reactivity during waking hours interacted to predict children's sleep 1 year later (findings based on the first and second wave of the present sample; Erath and El-Sheikh, 2015) . Specifically, children with reciprocal sympathetic activation characterized by vagal or RSA withdrawal (lower levels during task than baseline), in conjunction with higher levels of SCL reactivity (higher levels during task than baseline), had longer and more efficient sleep 1 year later. In another paper, lower resting RSA in combination with a greater RSA withdrawal was associated concurrently with poorer sleep quality (more activity, night-time wake minutes) (findings based on the second wave of the present sample; El-Sheikh et al., 2013b) . That more than one physiological process was shown to be recruited to influence change in sleep in this body of work, which is either cross-sectional or based on two waves of data, could suggest that sleep is affected less directly and more interactively by other regulatory systems compared to cardiac SNS activity. These types of interactive effects remain to be explored with PEP, and would have been unwieldy to assess in the developmental trajectory models examining the reciprocal effects presented in this paper.
The findings did not yield evidence supporting the opposite pathway, namely that heightened SNS activity indexed by lower levels of PEP leads to alterations in children's sleep over time. It is possible that PEP may emerge as a longitudinal predictor of the development of various sleep parameters in samples characterized by less consistent sleep parameters over time and pronounced slope effects. It is also plausible that the window of assessment in late childhood (aged 9-11 years) may not be sufficient to capture the effects of cardiac SNS activity on sleep, or that assessment during a different and/or longer developmental period may yield to significant effects. Thus, although the results did not support the premise that PEP influences the development of sleep efficiency, duration or latency, this finding should be interpreted with caution.
Strengths and limitations
Strengths of this study include: (i) the longitudinal design with three waves of assessments; (ii) the relatively large and diverse sample size for this kind of study; (iii) examination of sleep duration, efficiency and latency objectively with actigraphy for multiple nights; (iv) utilizing state-of-the-science statistical procedures for the examination of growth trajectories in PEP and sleep and covarying many potential confounds leading to a stringent examination of our research questions; and (v) explication of directionality of effects in the growth of PEP and sleep.
Several methodological features of the study and limitations need to be considered. Although the study is longitudinal, facilitating inference regarding directionality of effects between sleep and the pre-ejection period, analyses do not establish causality. Assessments of cardiac SNS activity and sleep over a larger developmental period with more than three waves may clarify further potential developmental influences and allow for the assessment of quadratic effects. Additionally, while the study design included an adaption period that allowed the child to adjust to the laboratory environment prior to PEP assessment, because this resting period took place at the beginning of a laboratory visit it is possible that the PEP values were influenced by anticipation of later tasks. The study also did not assess the role of physical health variables related to cardiovascular functioning, such as daily exercise on sleep and PEP, although BMI was covaried statistically in analyses. Although there are advantages for conducting sleep assessments in the home environment with actigraphs and sleep was examined for multiple nights, actigraphy does not allow for the examination of key sleep parameters, including stages which are attainable with polysomnography. In addition, the lack of findings ª 2017 European Sleep Research Society for sleep latency may be due in part to measurement error associated with assessing this variable via actigraphy, as well as low night-to-night and year-to-year stability. Generally, actigraphy underestimates sleep latency, as sleep is indicated when the child is not active but may still be awake (Tryon, 2004) . Finally, the community sample resided mainly in semirural Alabama in the United States, and included a high representation of African Americans and children living in poverty. Thus, although the findings allow for generalization to many children in the population, they may not generalize to those from clinical populations, other geographic locales and/or socioeconomic contexts. Generally, as reflected in other work conducted with children who participated in the present investigation (e.g. El-Sheikh et al., 2013a, findings based on the first wave of the present sample), African American children and those from lower SES backgrounds tend to have shorter and worse quality sleep than European Americans or those from higher SES backgrounds. Nevertheless, our results were found to be consistent across groups and held while controlling for variables related to race/ethnicity and SES.
CONCLUSI ON
In summary, our results show that higher sleep efficiency and longer sleep duration (minutes) are predictive of a developmental increase in PEP across middle to late childhood, suggestive of decreased cardiac SNS activity. PEP did not predict change in sleep efficiency, duration or latency. Prevention approaches that aim to improve sleep in childhood may have an important influence on the development of stress response systems, including the autonomic nervous system, with implications for better cardiovascular health into adulthood. Future work is needed that examines these linkages across a larger age span with explication of sensitive developmental periods, during which sleep may be especially influential for the development of cardiac SNS activity.
